






Development of a new Baseline Assessment for the South African 




R.A. Rademeyer and D.S. Butterworth 
 
MARAM (Marine Resource Assessment and Management Group) 
Department of Mathematics and Applied Mathematics 







Results are presented for a proposed new baseline assessment for the South African hake resource, incorporating catch-
at-length (CAL) information in the fit of the model. In years for which age-length keys are not available, CAL 
information is used instead of catches-at-age (CAA) which had been previously based on averages of age-len th keys 
for other years (a problematic and potentially biased approach). Further changes to the model and the ata that have 
been made are described below. 
 
 
DATA and METHODOLOGY 
The data used in the new proposed baseline, but not in the 2008 baseline (as described in Rademeyer and Butterworth, 
2008) are listed in Appendix A.  
 
Updates to the model from the 2008 baseline assessment: 
I. Using Pope’s approximation 
To speed model fitting, Pope’s approximation for the catch equations was used rather than Baranov’s equation. 
II. Incorporating catch-at-length information 
Appendix B sets out how CAL information is taken into account in the model fitting.  
III. Estimating west coast winter survey selectivity for M. paradoxus 
In previous assessments, the selectivity-at-age for this survey and species was assumed to be the same as that for the 
west coast summer survey because no west coast winter survey CAA data for M. paradoxus were available. Some age 
and length data are now available for these west coast surveys so that a different selectivity is estima ed for the two 
seasons for M. paradoxus (as is done for M. capensis). 
IV. Fitting to commercial coast-specific information 
Previously, the model fit was coast-specific only for the survey data, while GLM-standardized CPUE, commercial 
catches and CAA information were combined across the two coasts and a single selectivity-at-age vector (for each fleet) 
was assumed to apply. The model is now fit to coast-specific commercial information. This was carried out by treating 
the offshore trawl fleet on the south and west coasts  two different fleets, with potentially different selectivities-at-age, 
and similarly for the longline fleet. The model therefore now includes six fleets:  
1) west coast offshore fleet (catching M. paradoxus and M. capensis); 
2) south coast offshore fleet (catching M. paradoxus and M. capensis); 
3) south coast inshore fleet (catching M. capensis only); 
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4) west coast longline fleet (catching M. paradoxus and M. capensis); 
5) south coast longline fleet (catching M. capensis only); and 
6) south coast handline fleet (catching M. capensis only). 
The annual catches of each species assumed for each of these six fleets are shown in Table App.A.1, while the 
commercial age and length information is shown in Tables App.A.11-15. As age/length information is notavailable 
disaggregated by species and therefore not available for each species/fleet combination, fishing selectivity-at-age cannot 
be estimated directly for all fleets and some assumptions have to be made. Details of the fishing selectivities used in the 
assessment are shown in Table 1. 
V. Different selectivity for the Africana surveys with new gear 
A different selectivity is estimated for the Africana with new gear, for the west coast summer and south coast (spring 
and autumn) surveys. As for the other survey selectivities, the Africana new gear selectivity is estimated separately for 
each age, from age 0 to 5+/7+ for M. paradoxus and M. capensis respectively. However, because the information 
available is length-based and only 3 or 4 years of data are available, a smoothing penalty was added to the negative log-











aaa SSS        (1) 
The initial 3 multiplicative factor is a somewhat arbitrary weighting to ensure reasonable smoothness of the selectivity. 
For consistency, this smoothing penalty was also used for the old gear selectivity. 
VI. Further three years of offshore commercial catch-at-length 
Offshore trawl (species combined) CAL information has become available for 2005 to 2007 and has been taken into 
account in fitting the model. This is however only available combined across coasts, and is therefore compared to the 
predicted coast combined CAL, weighted by the actual catch on each coast. 
 
RESULTS AND DISCUSSION 
Table 2 compares estimates of management quantities for the 2008 baseline and the proposed new baseline assessment, 
while Fig. 1 plots the spawning biomass trajectories. For both M. paradoxus and M. capensis, the spawning biomass in 
absolute terms is estimated to be larger in the proposed new baseline assessment than in the 2008 baseline assessment. 
Relative to pre-exploitation levels however, spawning biomass is not much affected by the changes made. 
Fig. 2 plots the estimated selectivities-at-age for the commercial fleets and the surveys. The new gear on the Africana is 
estimated to catch slightly smaller fish than the old gear, particularly for M. capensis. 
Figs 3 and 4 show the fits the CPUE and survey abundance series. The fits to these data are generally good. 
The fits to the commercial CAA and CAL data are show in Fig. 5. The fits are poor for certain CAL (West Coast 
Offshore, Both Coasts Offshore particularly, and the inshore M. capensis CAA). The likely reason for this is a conflict 
between the CAA and CAL information. For example, for the offshore trawl fleet (west coast and both coasts) the 
observed length distribution of the catch is very narrow compared to a relatively wide range of ages ob erved in the 
CAA. 
As described in Appendix B, a selectivity-at-length effect had to be incorporated to allow for a reason ble fit of the 
survey CAL data. The effects on the estimated CAL distributions by age are shown in Fig. 6 for each species and 
survey. For both species, the effect is negligible for the south coast spring survey and greatest on the west coast surveys. 
The actual fits to the survey CAA and CAL are shown in Fig. 7. The fits are particularly poor for the M. capensis west 
coast summer CAL and south coast M. paradoxus, again likely due to a conflict between the CAA and CAL 
information. Note that the selectivity on the south coast is assumed to be the same for the spring and autumn surveys. 
Fig. 8 plots the standardised stock-recruitment residuals and the estimated stock-recruitment relationships for M. 
paradoxus and M. capensis.  Note that the “SR2” option is still used, with σR linearly decreasing from 0.25 to 0.1 over 
the 2004 to 2008 period. 
The spawning biomass trajectories for two retrospectiv  assessments are compared to those estimated in he proposed 
new baseline assessment (Fig. 9). For the retrospective analysis, the assessments are still run to 2008 but are fitted to 
data up to 2007 (“data to 2007”) and 2006 (“data to 2006”). A small retrospective pattern is apparent for M. capensis 
but not for M. paradoxus. There is a slight upturn in spawning biomass for b th species from 2006 to 2007, which is 
likely a reflection of better recruitment indicated for recent years compared to the low values from the mid-1990s to 
2003 (see Fig. 8). 
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M. paradoxus M. capensis data available
1. West coast offshore
1917-1976
logistic, two parameters
1977-1984 estimated same shift as paradoxus species combined
slope estimated zero slope
1985-1992 species combined
logistic, two parameters
1993-2008 estimated species combined
slope estimated
2. South coast offshore
1917-1976 set equal to 1989 set equal to 1989
1977-1984 same shift as west coast same shift as paradoxus species combined
slope as 1993-2008 zero slope
1985-1992 species combined
logistic, two parameters
1993-2008 estimated species combined
slope estimated
3. South coast inshore logistic, two parameters
estimated capensis
slope estimated
4. West coast longline logistic, two parameters
estimated species combined
zero slope
5. South coast longline logistic, two parameters
estimated capensis
zero slope
6. South coast handline
same as South coast 
longline
average of South coast 
longline and inshore
same as SC inshore but 
shifted to the right by 1 
year, zero slope
set equal to 1989 set equal to 1989
same as SC inshore but 
shifted to the right by 1 
year, zero slope
linear change between 1984 and 1993 selectivity
linear change between 1984 and 1993 selectivity
An interesting feature of the new baseline assessment is that the estimates of natural mortality at age (see Table 2) are 
lower, which seems more realistic biologically. 
The proposed new baseline assessment will be used for the sensitivities analyses to be conducted in the light of 
discussions during the WG meetings. While this new baseline is not entirely satisfactory given the misfits to some of 
the catch-at-length data, this does seem to be arising primarily from data conflicts which alternative models will not 
resolve at this stage. Further resolution attempts seem better to wait for analyses that treat the age readings in a better 




Rademeyer RA and Butterworth DS. 2008. 2008 routine update of the South African hake baseline assessment. 





Table 1: Details for the commercial selectivity-at-age for each fleet and species combination, as well as indications of 



































2008 baseline (D) new baseline
-lnL total -192.1 -40.9
K sp 1407 1821
h 0.95 0.95
MSY 116 114
Bsp 2008 /Ksp 216 265
B sp 2008 /K
sp 0.15 0.15
B sp 2008 /MSYL
sp 0.64 0.82
MSYL sp 0.24 0.18






K sp 692 871
h 0.95 0.95
MSY 81 86
B sp 2008 434 501
B sp 2008 /K
sp
0.63 0.57
B sp 2008 /MSYL
sp
2.01 2.31
MSYL sp 0.31 0.25








SC survey q 0.59 0.49
2008 species ratio B sp 2.07 1.89













Table 2: Comparison of management quantities for the 2008 baseline assessment (D) and the proposed new baseline 
assessment. Note that the negative log likelihoods shown are not comparable as they are based on different data sets. 







































































































































































































































































































































































































Fig. 2: Estimated survey and commercial fishing selectivities-at-age for the proposed new baseline assssment. 
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Fig. 3: Fits to the CPUE abundance indices for the proposed new baseline assessment. The historic (pre-1978) CPUE 
data are for both M. capensis and M. paradoxus combined. 
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Fig. 4: Fits to the west coast summer and south coast autumn abundance series from surveys by Africana (the two 
longest series) for the proposed new baseline assessment. The observed values shown as ∆ were conducted by the 
Africana with the new gear and have been rescaled by the agreed calibration factor for the species concerned (0.95 and 
0.8 for M. paradoxus and M. capensis respectively). Note: the estimated survey biomass trends incorporate the change 
























































































































































































Fig 6: Survey selectivity-at-length effect in the pro osed new baseline assessment (see Appendix B fordetails). The first row shows the Rl factor (see equation B.7), and the 













































Fig. 7: Fit to survey CAA and CAL for M. paradoxus for the proposed new baseline assessment. 
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Fig. 8: Time series of standardised stock-recruitment r siduals and estimated stock-recruitment relationships for the 


































Appendix B – Age data used 
 








































Age 0 1 2 3 4 5 6 7+ 0 1 2 3 4 5+
1986 0.034 0.230 0.603 0.085 0.023 0.014 0.008 0.003 - - - - - -
1987 0.024 0.113 0.465 0.223 0.139 0.022 0.010 0.004 - - - - - -
1988 0.280 0.483 0.135 0.059 0.018 0.015 0.009 0.002 0.234 0.568 0.171 0.014 0.004 0.009
1989 - - - - - - - - - - - - - -
1990 0.004 0.325 0.635 0.023 0.009 0.003 0.001 0.000 0.029 0.310 0.492 0.158 0.009 0.002
1991 0.072 0.122 0.644 0.097 0.038 0.017 0.009 0.002 0.018 0.278 0.561 0.107 0.024 0.008
1992 0.131 0.260 0.313 0.162 0.078 0.025 0.019 0.010 0.010 0.383 0.485 0.082 0.023 0.012
1993 0.038 0.176 0.207 0.399 0.088 0.057 0.024 0.011 0.009 0.200 0.547 0.187 0.044 0.010
1994 0.081 0.253 0.208 0.262 0.075 0.054 0.048 0.020 0.011 0.244 0.551 0.166 0.017 0.008
1995 0.001 0.147 0.739 0.066 0.021 0.018 0.005 0.003 0.065 0.191 0.444 0.258 0.028 0.010
1996 0.065 0.368 0.205 0.237 0.066 0.023 0.025 0.011 0.057 0.394 0.302 0.210 0.030 0.005
1997 0.036 0.141 0.384 0.407 0.014 0.010 0.004 0.003 0.006 0.171 0.546 0.256 0.016 0.003
1998 - - - - - - - - - - - - - -
1999 0.867 0.059 0.024 0.026 0.011 0.008 0.005 0.001 0.161 0.410 0.336 0.081 0.008 0.003
2000 - - - - - - - - - - - - - -
2001 - - - - - - - - - - - - - -
2002 0.198 0.441 0.230 0.070 0.032 0.019 0.007 0.002 0.076 0.373 0.380 0.132 0.028 0.012
2003 0.247 0.209 0.254 0.156 0.046 0.047 0.032 0.009 0.063 0.322 0.400 0.181 0.023 0.012
2004 0.110 0.457 0.359 0.064 0.007 0.002 0.001 0.001 0.175 0.307 0.321 0.152 0.035 0.011
2005 0.679 0.092 0.133 0.076 0.012 0.005 0.002 0.001 0.218 0.493 0.208 0.069 0.009 0.003
2006 0.446 0.325 0.169 0.042 0.008 0.005 0.003 0.001 0.073 0.321 0.440 0.144 0.017 0.005
2007 0.057 0.144 0.533 0.236 0.018 0.006 0.003 0.003 0.074 0.341 0.372 0.175 0.031 0.008
M. paradoxusM. capensis
M. capensis M. paradoxus M. capensis M. paradoxus
Year South Coast West Coast Year
1955 17.31 1978 0.75 4.79 2.42 1.14
1956 15.64 1979 1.22 4.66 2.37 1.10
1957 16.47 1980 1.06 4.40 3.00 1.63
1958 16.26 1981 1.05 4.43 2.58 1.07
1959 16.26 1982 0.93 4.36 2.67 1.45
1960 17.31 1983 1.24 4.67 3.03 1.58
1961 12.09 1984 1.32 4.72 3.61 1.68
1962 14.18 1985 1.57 5.37 4.49 2.29
1963 13.97 1986 1.18 4.90 3.73 2.27
1964 14.60 1987 0.99 4.13 3.41 2.13
1965 10.84 1988 0.80 4.01 3.56 1.70
1966 10.63 1989 0.96 4.21 3.85 1.70
1967 10.01 1990 1.03 4.15 4.30 2.42
1968 10.01 1991 1.04 4.93 4.25 2.36
1969 1.28 8.62 1992 1.37 4.16 3.83 2.84
1970 1.22 7.23 1993 1.26 4.34 2.98 2.29
1971 1.14 7.09 1994 1.38 4.80 3.56 1.96
1972 0.64 4.90 1995 1.73 3.76 3.41 1.38
1973 0.56 4.97 1996 1.49 4.78 3.49 2.14
1974 0.54 4.65 1997 1.50 4.08 2.86 2.67
1975 0.37 4.66 1998 1.72 4.54 2.85 2.31
1976 0.40 5.35 1999 1.50 3.70 3.06 2.70
1977 0.42 4.84 2000 1.60 3.91 3.63 2.27
2001 1.22 3.50 3.30 2.18
2002 1.15 2.82 3.76 2.08
2003 0.92 3.72 3.82 2.08
2004 1.21 3.59 2.83 2.02
2005 0.91 3.37 2.33 2.06
2006 0.71 2.80 2.31 2.64
2007 0.50 3.46 1.06 2.29
GLM CPUE (kg/min)
South coast
ICSEAF CPUE (tons/hr) GLM CPUE (kg/min)
Species-aggregated
West coast
Table App.A.2: South and west coast historic and GLM standardized CPUE data (Glazer, 2008) for M. paradoxus and 























Table App.A.3: Summer survey catches-at-age (proportions) of M. capensis and M. paradoxus on the west coast for the 
0-500m depth range. Here and in the following tables, the data to which the proposed new baseline assessment (with 
CAL) is NOT fitted to are shown in light grey. Data hat were not included in the 2008 baseline assessm nt (D) 


















Age 0 1 2 3 4 5 6 7+ 0 1 2 3 4 5+
2000 0.393 0.336 0.147 0.111 0.007 0.004 0.002 0.001 0.261 0.460 0.204 0.056 0.015 0.004
2001 0.493 0.109 0.157 0.157 0.050 0.018 0.009 0.007 0.199 0.378 0.237 0.143 0.031 0.011
M. paradoxusM. capensis
Age 0 1 2 3 4 5 6 7+ 0 1 2 3 4 5+
1986 0.005 0.305 0.267 0.318 0.051 0.027 0.017 0.010- - - - - -
1987 0.010 0.477 0.202 0.171 0.072 0.048 0.011 0.009- - - - - -
1988 0.031 0.432 0.388 0.063 0.042 0.029 0.012 0.004 0.176 0.431 0.298 0.077 0.013 0.006
1989 0.079 0.676 0.213 0.022 0.008 0.001 0.001 0.000 - - - - - -
1990 0.006 0.267 0.514 0.098 0.052 0.042 0.013 0.008 0.329 0.290 0.202 0.105 0.041 0.032
M. capensis M. paradoxus
Age 0 1 2 3 4 5 6 7+ 0 1 2 3 4 5+
2001 0.158 0.106 0.091 0.171 0.264 0.139 0.039 0.033 0.007 0.085 0.518 0.369 0.015 0.006
2002 - - - - - - - - - - - - - -
2003 0.192 0.139 0.151 0.163 0.170 0.117 0.039 0.0290.000 0.026 0.448 0.463 0.035 0.029
2004 0.457 0.103 0.109 0.122 0.104 0.067 0.021 0.016 0.034 0.034 0.358 0.499 0.042 0.033
M. paradoxusM. capensis
Age 0 1 2 3 4 5 6 7+ 0 1 2 3 4 5+
1991 0.011 0.111 0.126 0.173 0.215 0.181 0.112 0.073 0.004 0.010 0.522 0.292 0.116 0.056
1992 0.015 0.203 0.358 0.145 0.118 0.110 0.038 0.014 0.000 0.001 0.370 0.541 0.065 0.024
1993 0.001 0.083 0.120 0.171 0.373 0.143 0.068 0.042 0.000 0.005 0.416 0.544 0.026 0.010
1994 0.061 0.140 0.123 0.219 0.137 0.159 0.116 0.045 0.005 0.090 0.656 0.186 0.017 0.046
1995 0.019 0.121 0.225 0.189 0.202 0.149 0.066 0.029 0.000 0.000 0.124 0.773 0.089 0.014
1996 0.005 0.104 0.188 0.192 0.288 0.131 0.061 0.031 0.000 0.000 0.097 0.749 0.100 0.054
1997 0.064 0.134 0.105 0.187 0.216 0.175 0.067 0.052 0.000 0.001 0.111 0.581 0.105 0.202
1998 - - - - - - - - - - - - - -
1999 0.159 0.140 0.281 0.145 0.117 0.087 0.040 0.030 0.000 0.014 0.216 0.527 0.190 0.054
2000 - - - - - - - - - - - - - -
2001 0.149 0.112 0.085 0.175 0.279 0.137 0.036 0.027 0.006 0.053 0.444 0.462 0.027 0.007
2002 - - - - - - - - - - - - - -
2003 0.109 0.214 0.195 0.142 0.161 0.116 0.035 0.028 0.008 0.023 0.385 0.530 0.034 0.020
2004 0.130 0.103 0.132 0.187 0.228 0.141 0.045 0.034 0.029 0.115 0.350 0.438 0.060 0.008
2005 0.110 0.159 0.169 0.161 0.216 0.126 0.035 0.023 0.065 0.142 0.240 0.370 0.130 0.053
2006 0.030 0.072 0.194 0.264 0.232 0.123 0.047 0.037 0.001 0.012 0.314 0.582 0.073 0.018
2007 0.250 0.250 0.169 0.157 0.112 0.044 0.011 0.008 0.050 0.039 0.191 0.501 0.197 0.022
M. paradoxusM. capensis
Table App.A.4: Winter survey catches-at-age (proportions) of M. capensis and M. paradoxus on the west coast for the 







Table App.A.5: Nansen summer survey catches-at-age (proportions) of M. capensis and M. paradoxus on the west 






Table App.A.6: Spring survey catches-at-age (proportions) of M. capensis and M. paradoxus on the south coast for the 






 Table App.B.7: Autumn survey catches-at-age (proportions) of M. capensis and M. paradoxus on the south coast for 















Age 0 1 2 3 4 5 6 7+
1994 0.000 0.000 0.000 0.001 0.030 0.248 0.404 0.318
1995 0.000 0.000 0.000 0.000 0.006 0.093 0.262 0.638
1996 0.000 0.000 0.000 0.000 0.007 0.134 0.297 0.561
1997 0.000 0.000 0.000 0.002 0.036 0.201 0.298 0.464
1998 - - - - - - - -
1999 - - - - - - - -
2000 0.000 0.000 0.001 0.003 0.020 0.148 0.203 0.626
M. capensis
Age 0 1 2 3 4 5 6 7+
1989 0.000 0.000 0.081 0.478 0.285 0.109 0.039 0.008
1990 0.000 0.000 0.055 0.279 0.439 0.171 0.045 0.011
1991 0.000 0.000 0.053 0.281 0.367 0.219 0.067 0.014
1992 0.000 0.001 0.151 0.371 0.237 0.184 0.048 0.009
1993 0.000 0.000 0.026 0.332 0.457 0.139 0.039 0.006
1994 0.000 0.000 0.060 0.380 0.304 0.183 0.067 0.007
1995 0.000 0.000 0.015 0.232 0.455 0.209 0.072 0.018
1996 0.000 0.000 0.024 0.327 0.457 0.140 0.043 0.008
1997 0.000 0.000 0.034 0.369 0.394 0.159 0.034 0.011
1998 0.000 0.008 0.166 0.377 0.284 0.116 0.034 0.015
1999 0.000 0.012 0.190 0.365 0.248 0.116 0.044 0.024
2000 0.000 0.000 0.022 0.244 0.476 0.196 0.034 0.028
M. capensis
Age 0 1 2 3 4 5 6 7+ 0 1 2 3 4 5 6 7+
1978 0.000 0.072 0.716 0.152 0.039 0.016 0.005 0.001 0.000 0.058 0.570 0.249 0.073 0.028 0.013 0.009
1979 0.000 0.114 0.545 0.215 0.064 0.046 0.013 0.004 0.000 0.000 0.077 0.235 0.256 0.240 0.111 0.082
1980 0.000 0.056 0.472 0.289 0.112 0.048 0.017 0.008 0.000 0.027 0.419 0.272 0.144 0.067 0.039 0.032
1981 0.004 0.235 0.492 0.158 0.068 0.026 0.011 0.006 0.000 0.024 0.270 0.331 0.227 0.085 0.040 0.024
1982 0.037 0.290 0.484 0.114 0.040 0.023 0.009 0.003 0.000 0.056 0.399 0.205 0.128 0.106 0.070 0.035
1983 0.001 0.121 0.488 0.238 0.085 0.044 0.016 0.007 0.000 0.031 0.376 0.302 0.136 0.088 0.049 0.017
1984 0.000 0.063 0.483 0.275 0.097 0.046 0.024 0.012 0.009 0.085 0.387 0.232 0.154 0.071 0.040 0.022
1985 0.000 0.008 0.350 0.395 0.133 0.069 0.030 0.016 0.000 0.005 0.339 0.343 0.139 0.099 0.049 0.027
1986 0.000 0.014 0.339 0.467 0.104 0.040 0.022 0.015 0.000 0.003 0.226 0.366 0.177 0.115 0.077 0.035
1987 0.000 0.023 0.524 0.276 0.103 0.048 0.016 0.009 0.000 0.002 0.398 0.258 0.135 0.111 0.065 0.032
1988 0.000 0.021 0.589 0.266 0.059 0.036 0.021 0.009 0.000 0.009 0.414 0.264 0.136 0.103 0.053 0.021
1989 0.000 0.014 0.434 0.402 0.090 0.036 0.018 0.006 0.000 0.002 0.352 0.392 0.114 0.082 0.045 0.013
1990 0.000 0.002 0.313 0.496 0.137 0.034 0.013 0.005 0.000 0.002 0.216 0.416 0.233 0.084 0.035 0.015
1991 0.000 0.003 0.253 0.357 0.233 0.087 0.049 0.019 0.000 0.003 0.281 0.414 0.181 0.066 0.040 0.015
1992 0.000 0.012 0.405 0.303 0.145 0.088 0.035 0.013 0.000 0.005 0.333 0.377 0.156 0.077 0.035 0.017
1993 0.000 0.003 0.146 0.378 0.307 0.128 0.029 0.009 0.000 0.000 0.166 0.485 0.229 0.070 0.035 0.016
1994 0.000 0.001 0.140 0.464 0.200 0.157 0.030 0.008 0.000 0.001 0.209 0.477 0.165 0.091 0.039 0.019
1995 0.000 0.001 0.109 0.552 0.207 0.075 0.044 0.012 0.000 0.002 0.100 0.473 0.252 0.070 0.067 0.037
1996 0.000 0.002 0.120 0.554 0.221 0.063 0.029 0.011 0.000 0.000 0.054 0.477 0.342 0.073 0.037 0.018
West coast, species combined South coast, species combined
 


































































































































































































































Appendix B – Incorporation of catch-at-length information in fitting an ASPM 
To be able to incorporate the proportion at length information, the proportions at age predicted by the model ( ayp ,
)
) 
(with is based upon age-specific selectivity) are converted to proportions at length ( lyp ,
)
) using the von Bertalanffy 





        (B.1) 
where laA , is the proportion of fish of age a that fall in the length group l (i.e., 1, =∑
l
laA  for all ages a). The matrix A 
is calculated under the assumption that length-at-age is normally distributed about a mean given by the von Bertalanffy 
equation, i.e.: 
( )[ ]2)( ; 1~ 0 ataa eLNL θκ −−∞ −        (B.2) 
where aθ  is the standard deviation of length-at-age a, which is modelled as a function of the expected length at age a, 
i.e.: 
  ( )[ ]γκβθ )( 01 taa eL −−∞ −=      (B.3) 
β and γ are estimated in the fitting process. The resultant term added to –lnL in the fitting process is: 













length 2/ˆ/1.0n σσ llll   (B.4) 
where lenσ is the standard deviation associated with the length-at-age data , which is estimated in the fitting procedure 
by: 
( )∑∑ ∑∑−=
y l y l
lylylylen ppp 1/ˆlnlnˆ
2
,,,σ      (B.5) 
The initial 0.1 multiplicative factor is a somewhat arbitrary downweighting to allow for correlation between proportions 
in adjacent length groups. 
Age 0 correction: 
To allow for the fact that zero-year old fish are not available to the trawl fishery throughout their first year of life the 
mean length at age 0 is computed as: 
( ))(0 001 tAeLL −−∞ −= κ         (B.6) 
where A0 is estimated in the model fitting procedure (for each species separately). 
Selectivity-at-length effect for the surveys 
Although the model, and therefore the fishing selectivity, is age-based, many selectivity effects are in fact length-based. 
This applies particularly to the small fish that can escape through the mesh. A selectivity-at-length effect was therefore 
included when fitting to the survey catch-at-length information. This correction was applied only to the survey data, as 
the commercial fleets do not catch enough of the very young fish for this effect to be important. 
The selectivity-at-length effect is included by estimating a logistic function to model the proportion f fish of length l 





R         (B.7) 
where L1 and L2 are estimated in the model fitting procedure for each survey and species separately. 











,         (B.8) 
 
